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Abstract 
The article presents the results of the conducted researches on modifying traditional construction materials like cement concrete, anhydrite 
binders, silicate paint and fire-retardant coating based on liquid glass. Modification was due to multi-walled carbon nanotubes dispersions 
uniformly distributed in binding matrices while preparing materials, which led to modification of the structure and the properties of 
materials and products. 
© 2013 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
The cost of construction composite materials is mainly defined by the binder cost, at the same time the applied binders 
have a great potential to improve mechanical characteristics due to the directed change of the matrix structure while 
modifying with stretched carbon nanosystems.  
The researches conducted by the authors [1], [2], [3], [4], [5] have established that adding nanotubes dispersions to 
mineral matrices leads to its structuring along with the forming of new formations with the increased density and strength.   
The changes in the morphology of new formations lead to a significant increase of the mechanical strength of the mineral 
compositions modified with ultra-small amount of multi-walled carbon nanotubes within 0, 02–0, 0025% of the mass of the 
binder [6–9]. 
At the same time, technical literature does not provide sufficient study of the influence of carbon nanotubes on concrete 
frost-resistance and lacks research of cellular concretes modified with carbon nanotubes. There are no researches of the 
influence of carbon nanotubes on absorption of electromagnetic waves with façade finishing coatings. Moreover, carbon 
nanotubes can not only structure mineral composite materials based on Portland cement, but there is also a possibility of the 
influence on the structure of new formations in calcium sulfates based composites (gypsum, anhydrite). Fire-proof 
compositions may increase due to the stabilization of intumesced fire-proof coating, carbon nanotubes being added.  
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According to the enlisted problems this work presents the analysis of possible areas of applying carbon nanotubes for 
modification of traditional construction materials in order to improve their physical and technical properties.  
2. Materials and methods of research 
Multi-walled carbon nanotubes of Graphistrength
TM produced by the French corporation of “Arkema” consisting of 
several layers of nanotubes of 10–15 nm in diameter, 1–15 microns in length and the average density of 50–150 kg/m
3 were 
used as an additive modifying construction materials in order to modify the structure and the properties of the binder.  
Due to the highly developed surface of carbon nanotubes of 300 m
2/g it is possible to create a material with a relatively 
large amount of surface functional groups. During the synthesis process they merge into coils or granules of size up to  
400–900 microns while possessing high surface energy. 
In this case nanoparticles are hard to divide into single nanostructures in the aqueous dispersion medium (Fig. 1a, b) and 
their dispergation requires special technology. The main task when working with carbon nanotubes is disintegration of 
clusters and large agglomerates resulting from the synthesis as well as maintenance of their stabilization in aqueous 
suspension and stability of nanotubes suspensions while storing [10].  

 а) b) 
Fig. 1. Multi-walled carbon nanotubes in carboxymethyl cellulose medium (CW2-45):  
(а) – aggregates subjected, (b) – separate nanotubes glued 
Masterbatch CW2-45 containing 45% of multi-walled carbon nanotubes and carboxymethyl cellulose was used. 
Masterbatch CW2-45 was dispersed in the aqueous medium in the high speed ball mill. The concentration of nanotubes in 
the resulting dispersion was 2%. The dispersion was loaded while stirring the compositions with hot water [11]. The 
microstructure of binding matrices in the studied materials was analyzed with the scanning electron microscope of XL 30 
ESEM-FEG from PHILIPS company and JSM JC 25S from JEOL company. 
3. Discussing research results 
Carbon nanotube dispersion causes the structuring of cement matrix in dense concretes and the forming of the dense 
defect-free casing on the surface of the solid phase including particles of cement and filler which provides better cohesion 
with their surface.  
The analysis of the microstructure of modified cement concretes at the large magnification has shown that in the contact 
area of cement matrix without modifying carbon nanotubes there are crystals calcium hydrosiliactes of the loosely packed 
structure and the contact zone has some structural defects (Fig. 2a).  

 a) b) 
Fig. 2. Morphology of new formations in interphase layer on the aggregate boundary:  
(a) – friable cement matrix without carbon nanotubes, (b) – modified cement matrix 
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The structuring of cement matrix after adding carbon nanotubes dispersion leads to the formation of a dense coating from 
1 to 5 µm thick with the morphology of crystallohydrates perpendicularly oriented to the solid phase surface (Fig. 2b) 
Cement concretes modified with multi-walled carbon nanotubes dispersion were produced during the manufacturing of 
experimental-industrial batch of prestressed concrete poles for HV power lines of 0.4–10 kV and 9 meters length. 
The conducted testing of the modified concrete from the experimental batch of concrete poles showed an increase of the 
frost resistance of the concrete from F150 to F400 (Fig. 3b), the strength by 46% and the water resistance from W6 to W14 
and the enhancement of its fracture toughness.  
The presented results of the physical and mechanical properties of concrete lead to the increased durability of concrete 
products.  
The research has been conducted regarding the influence of multi-walled carbon nanotubes (MWCNTs) dispersions on 
the structure of crystal hydrate new formations in interporous walls of autoclaved cellular concrete. The performed research 
of the microstructure and the X-ray phase analysis of calcium hydrosilicates formed at autoclave treatment of silicate 
cellular concrete modified with MWCNT have shown the changes in morphology of new formations and the forming of 
calcium hydrosilicates of increased basicity which led to the enhancement of physical and technical properties of autoclaved 
cellular concrete [12].  
 
 а) b) 
Fig. 3. Microstructure of dense cement concrete after the frost resistance test:  
(a) – reference sample with frost resistance index of F200, (b) – test sample of concrete with carbon nanotubes (frost resistance F400) 
The content of modifying multi-walled carbon nanotubes was taken up considering the amount set for preparing heavy 
cement concretes [13] (and was 0,006% of the mass of the binder. The uniform distribution of particles in the prepared 
cellular concrete mixture was due to the preliminary mixing of aluminum suspension and MWCNTs dispersion. 
The images of the microstructure of modified cellular concrete and analysis of works [14], [15], [16] let us assume that 
carbon nanotubes serve as centers of crystallization of calcium hydrosilicates in hardening cellular concrete and stimulate 
the structure forming of hardening lime-silicate binder with high crystallinity in comparison with the plain check sample 
[17] and increase of crystallinity are observed in the pore walls (Fig. 4a), at the same time along with crystalline new 
formations amorphous ones appear (Fig. 4b) that provide additional densification and strengthening of the pore walls in 
cellular concrete. 
 
 a) b) 
Fig. 4. Microstructure of cellular concrete modified with MWCNTs dispersion: (a) – general view of interporous wall at the magnification of 1000 times, 
(b) – fragment of the microstructure with entangled fiber neoformations at the magnification of 10000 times 
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The conducted analysis of the microstructure confirms the acceleration of hydration of silica-lime binder followed with 
the formation of dense crystalline blocks (Fig. 5a) consisting of calcium hydroxide plates. At the same time a composite 
structure appear which includes blocks of calcium hydroxide plates, calcium hydrosilicate acicular crystals coated with 
amorphous new formations (Fig. 5b).  

 a) b) 
Fig. 5. Microstructure of cellular concrete modified with carbon nanotubes: (a) – the forming of new formations of increased density,   
(b) – a composite structure including blocks of calcium hydroxide plates, calcium hydrosilicate crystals and amorphous neoformations 
The role of amorphous structure noticed during the studying of the microstructure comes to two factors: during the aging 
process tobermorite gel crystallizes with calcium hydrosilicates formed, at the same time amorphous new formations 
densify the structure of interporous walls in cellular concrete increasing the mechanical strength of products. 
The structure under study also includes single entangled carbon nanotubes coated with a layer of calcium hydrosilicates 
(Fig. 6b). The changes in the morphology of new formations lead to a significant increase of the mechanical strength of 
autoclaved cellular concrete modified with ultra-small amount of nanotubes (Table 1). 

 a) b) 
Fig. 6. Microstructure of cellular concrete modified with carbon nanotubes: (a) – fragment of interporous wall structure,  
(b) – carbon nanotubes (marked with the arrow) coated with a layer of calcium hydrosilicates 
Table 1. Physical and mechanical parameters of modified cellular concrete 
 
The composition of shielding coating based on silicate paint modified with multi-walled carbon nanotubes (MWСNTs) 
dispersion has been developed and its properties are being studied. It is known from work [18] that autoclaved aerated 
concrete containing carbon fiber absorbs electromagnetic waves up to –30 dB in the frequency range from 2 GHz to 
18 GHz. In our research adding 6% of MWCNT to the silicate coating leads to the structurization of the silicate binding 
matrix with the forming of a dense, strong and durable coating that can absorb electromagnetic radiation influencing 
buildings and facilities. The conducted physical and chemical studies with infrared spectral analysis, differential thermal 
Denomination 
of product, date 
of casting 
Density in the dry state, 
kg/m3 
Compressive strength in the dry state, 
MPa 
Thermal-conductivity coefficient, 
W/m°С 
Product 
with 
nanotubes  
In the branch of  Cellular 
Concrete Plant 
№ 822 
Product 
with 
nanotubes 
In the branch of Cellular 
Concrete Plant 
№ 822 
Product 
with 
nanotubes 
In the branch of  Cellular 
Concrete Plant 
№ 822 
Block D500 544 530 2,5 2,3 0,117 0,106 
Panel Н 15-14 590 548 5,0 3,8 0,123 0,119 
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analysis and scanning electron microscopy have shown a significant change in the structure and the formulation of the 
composition modified with carbon nanotubes (Fig. 7a). Modifying silicate coating with carbon nanotubes dispersion leads to 
the absorption of electromagnetic radiation up to 70% (Fig. 7b) [19].  
 
 a) b) 
Fig. 7. (a) – microstructure of a spall of the modified silicate coating,  
(b) – dependence of absorbing electromagnetic radiation from carbon nanotubes content 
Thus, the effective complex protection of facilities and a human from the effects of man-made electromagnetic fields is 
provided in industrial, administrative and residential buildings. The silicate coating can also be used for informational 
protecting of equipment and means of communication from unauthorized information retrieval due to the absorption of 
electromagnetic radiation generated by devices. 
Anhydrite composite materials have the potential for a significant increase of the mechanical strength due to the 
structuring of interphase layers in the “nanodispersed modifier – mineral matrix” line. The lack of modifying nanodispersed 
additives in hydrating anhydrite matrix is accompanied with the crystallization of dihydrate gypsum, the large plate crystals 
of a traditional shape being formed (Fig. 8a). While modifying anhydrite with multi-walled carbon nanotubes, 
crystallization of gypsum is observed on the surface of nanosized particles along with the forming of high density crystals of 
various morphology (Fig. 8b). 
  
 a) b) 
Fig. 8. Microstructure of hardened anhydrite binder: (а) – check formulation, (b) – composition modified with carbon nanotubes 
The morphology of new formations is known to have significant impact on the final structure of crystalhydrate new 
formations. The structure formation of anhydrite binder with the formation of crystallohydrates of the increased density was 
provided with ultra-small amount (up to 0.0024% of the mass of anhydrite) of multi-walled carbon nanotubes [8].  
The analysis of the structure of the modified anhydrite binding matrix with a complex of physical and chemical methods 
of research showed an intensification of the processes of hydrate- and structure formation of anhydrite binder with the 
adding of multi-walled carbon nanotubes. In this case, adding multi-walled carbon nanotubes dramatically changes the 
morphology of new formations in the anhydrite matrix. The resulting dense low-defect crystalline structure predetermines 
their enhanced physical and technical properties, including the mechanical strength and the water resistance [20].  
The effectiveness of the fire-protective coatings based on liquid glass can be significantly improved if the composition is 
modified with multi-walled carbon nanotubes. In the process of the fire-protective composition being affected by fire, 
intumescent coating is formed with a layer which is more uniform in height and pore size (Fig. 9a, b).   
Carbon nanotubes are known to oxidize only at the temperatures above 700 °C in the presence of oxygen [21].   
In the process of liquid glass intumescenting the presence of oxygen in the fire-protective coating is excluded, so carbon 
nanotubes are used as a component strengthening interporous walls during the pore forming and stabilize them in the liquid-
phase state.  
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

  a) b) 
Fig. 9. General view of the composition applied to wooden surface after fire exposure (а): 1 – with deleted bulged coating;  
2 – bulged fire-proof coating; 3 – carbonized wooden surface not coated with fire-proof composition;  
b) – macrostructure of microscopic section of the bulged coating on the wooden surface 

 a)  b) 
Fig. 10. Microstructure of a spall of fire-protective coating wit-hout carbon nanotubes (a)  
modified with carbon nanotubes (b) 
The structure of the intumescent fire-protective coating is additionally enhanced with crystalline neoformations 
(Fig. 10b) which fill interporous space and improve its strength increasing the thickness of the intumescent coating. 
The latter circumstance improves the fire-protective properties of the coating extending the time of fire resistance.  
4. Conclusion  
Thus, the examples of four types of construction products from the six listed in the patent [11] show the possibility of a 
significant enhancement of the physical and mechanical properties of construction materials, and the cost of products 
increases by 0.5 – 3% depending on the used technology of modifying materials with multi-walled carbon nanotubes. 
Thus, testing of the modified concrete showed an increase of the frost resistance of the concrete from F150 to F400, the 
strength by 46% and the water resistance from W6 to W14 and the enhancement of its fracture toughness.  
The microstructure of cellular silicate concrete modified with carbon nanotubes is seens to improve, at that its strength 
increases to 30%. 
The analysis of the structure of the modified anhydrite binding matrix showed an intensification of the processes of 
hydration and structure formation of anhydrite binder with the adding of multi-walled carbon nanotubes. Adding multi-
walled carbon nanotubes dramatically changes the morphology of new formations in the anhydrite matrix. 
Modifying silicate coating with carbon nanotubes dispersion leads to the absorption of electromagnetic radiation up to 
70%. 
Adding carbon nanotubes to fire-proof compositions based on liquid glass contributes to improving the structure and 
increase of efficiency of intumesced protective coating under the flame exposure.   
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